pounds through sniffing analysis. By sniffing serial dilutions of an essential oil, volatile compounds can be ranked according to odor potency. The odor potency is expressed as the flavor dilution factor FD factor . The FD factor is the ratio of the concentration of a compound in the initial sample to that in the most diluted sample in which the odor can be detected by GC-O 8 . The significant contribution of each odorant to the characteristic flavor can be determined by the OAV. The OAV is the ratio of concentration to the odor threshold of the compound, and it is well accepted that compounds with high OAV contribute more to the aroma of food 9 .
We report here the chemical composition of the essential oil of M. sylvestris flowers. To the best of our knowledge, this is the first report on the essential oil composition of this species.
MATERIALS AND METHODS

Plant materials
Dry flowers of M. sylvestris were collected from Aromalab Co., Ltd. 3-2-8 Fushimi-cho. Chuo-ku. Osaka-shi, Osaka 541-0044, Japan . Identification of the plant was performed in the biotechnology laboratory at Kinki University. A voucher specimen was deposited at the biotechnology laboratory of Kinki University in Osaka, Japan.
Isolation of volatile compounds by hydrodistillation
Dry flowers of M. sylvestris 50 g were subjected to hydrodistillation for 2 h using a Likens-Nickerson-type apparatus with diethyl ether as the collecting solvent to yield 0.039 w/w of a light yellow oil, which was dried over anhydrous sodium sulfate. The oil was kept in sealed glass vials and stored at 4 in a refrigerator prior to analysis.
GC-FID
GC was carried out with an Agilent 6890 GC equipped with a flame ionization detector FID on a capillary column, HP-5MS 30 m 0.25 mm i.d., film thickness 0.25 μm . The oven temperature was programmed to rise from 40 to 260 at the rate of 4 /min and held at 260 for 5 min. The injector and FID detector temperatures were 270 and 280 , respectively. The flow rate of carrier gas He was 1.8 mL/min. One microliter of oil was injected, and the split ratio was 1:20.
GC-MS
GC-MS analysis was carried out using an Agilent 6890/5973 instrument. The sample was analyzed on a fused-silica capillary columns HP-5MS 30 m 0.25 mm i.d., film thickness 0.25 μm and DB-WAX 15 m 0.25 mm i.d., film thickness 0.25 μm . The oven temperature was programmed to rise from 40 to 260 at the rate of 4 /min and held at 260 for 5 min. The injector and detector temperatures were 270 and 280 , respectively, with the actual temperature in the MS source reaching approximately 230 . The ionization energy was 70 eV and the mass range was 39-450 amu. After 6 mg of oil had been diluted with 500 μL of diethyl ether, 1 μL of the dilution was injected, and the split ratio was 1:10.
GC-Olfactmetry GC-O
GC-O analysis was performed on an Agilent6890/5973 with a capillary column HP-5MS and an ODP2 sniffing port Olfactory Detector Port2, Gerstel, Tokyo, Japan . The oven temperature was programmed to rise from 40 to 260 at the rate of 4 /min and held at 260 for 5 min.
The flow rate of carrier gas He was 1.8 mL/min. The injector and the detector temperatures were 270 and 280 respectively. The ionization energy was 70 eV. One microliter of oil was injected. At the exit from the capillary column, the effluent was split into channels to the mass detector and a sniffing port and the split ratio was 1:1.
AEDA
The highest sample concentration 10 mg/mL was assigned an FD flavor dilution factor 1. The essential oil was stepwise diluted with diethyl ether 1:1 v/v , and aliquots of the dilutions 1 μL were evaluated. The process was stopped when no aromas were detected by the assessors. The result was expressed as the FD factor, which is the ratio of concentration of the odorant in the initial volatile oil to the lowest concentration in which the odor is still detectable by GC-O.
Identi cation of components
Identification of the individual components was based on: i comparison of their GC-MS retention indices RI on apolar and polar columns determined relative to the retention times of a series of n-alkanes C8-C29 with those of authentic compounds or literature data 10 and ii computer matching with commercial mass spectral libraries 11 and comparison of spectra with literature data 12 . The quantitative composition of the oil was performed by GC-FID by assuming the sum of the individual components contents to be 100 . The quantitative analysis of aroma-active components FD ≥ 4 of the oil was performed on the basis of calibration curves for furfural, limonene, phenylacetaldehyde, E -β-ocimene, borneol, and E -β-ionone within the concentration range 0.5-1000 μg/mL . Because of the lack of proper standard, lilac aldehyde and β-damascenone were quantified with the calibration curves of 3-isobutoxy-2-cyclohexenone and p-pentylacetophenone, respectively. The peak area of each compound was calculated with the response factor to the FID Table 1 . 14 . But 1-2-methylene-3-butenyl -1-1-methylenepropyl -cyclopropane in Marvaceae was identified for the first time in this study.
Table 1 Components of the essential oil from Malva sylvestris L.
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Characterization of Aroma-active Compounds in Dry Flower of Malva sylvestris L. by GC-MS-O Analysis and OAV Calculations
RESULTS AND DISCUSSION
GC-O, AEDA and OAV
The aroma-active compounds of the essential oil from M. sylvestris were identified by GC-O and AEDA. The aromaactive components and their odor properties are given in Table 2 . Twenty compounds were identified from the essential oil. The most strongly aroma-active compound, β-damascenone FD 9, sweet plays an important role in the characteristic aroma of M. sylvestris. The other strongly affecting aroma compounds, phenylacetaldehyde FD 8, floral, honey-like and E -β-ocimene FD 8, spicy are concerned with the aroma of the oil. It was revealed that β-damascenone, α-copaene, phenylethyl alcohol, and terpinen-4-ol produce the sweet odor, while phenylacetaldehyde, decanal, α-copaene, and 1-2-methylene-3-butenyl -1-1-methylenepropyl -cyclopropane create the floral odor of the essential oil in the sniffing test. It seems that all these compounds contribute to the sweet, floral and spicy odor of M. sylvestris.
A comparison of the gas chromatogram obtained by GC and the corresponding FD chromatogram of the odor-contributing compounds is shown in Fig. 1 . Although the content of hexadecanoic acid peak 109 was abundant, its FD factor was not estimated. This compound is of less im- Table 2 Aroma-active compounds of M. sylvestris. portance in the aroma of M. sylvestris. In order to determine the relative contribution of each of the compounds to the aroma of M. sylvestris, the OAV was used. The OAV was obtained by taking into account the concentration and odor threshold 15 18 of each compound.
The results are shown in Table 3 . Due to the unavailability of odor threshold data in the literature, the OAV of E -β-ocimene, lilac aldehyde, 2,3-dihydrobenzofuran, α-copaene, dodecanoic acid, phenanthrene, hexadecanoic acid, and 1-2-methylene-3-butenyl -1-1-methylenepropyl -cyclopropane were not determined. In the essential oil, β-damascenone had the highest OAV 50700 , followed by E -β-ionone 15444 , and decanal 3510 . In particular, β-damascenone had a high FD factors, and therefore, this compounds was considered to be the main aromatic component of the essential oil. Generally, compounds with a high FD factor also had high OAV, which confirms the positive relationship between the FD factor, and OAV 19 .
β-Damascenone odor threshold 0.05 ppm 20 was higher in all wines, this compound is normally considered a positive contributor to wine aroma 21 . This norisoprenoid has also been related with tobacco notes 22 and is the principal carotenoid-derived compound in French oak 23 .
In conclusion, we have investigated the characteristic odor components of M. sylvestris by perfoming a sensory evaluation and using the concept of OAVs. On the basis of AEDA, OAVs and sensory evaluations results, β-damascenone is estimated as the main aroma-active compound of the essential oil.
